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HYDROLOGY OF THE UPPER MALAD RIVER BASIN,
SOUTHEASTERN IDAHO

By E. J. PLuHOWSKI

ABSTRACT

The report area comprises 485 square miles in the Basin and Range physio-
graphic province. It includes most of eastern' Oneida County and parts of Frank-
lin, Bannock, and Power Counties of southeastern ldaho. Relief is about 5,000
feet; the floor of the Malad Valley is at an average altitude of about 4,400 feet.
Agriculture is, by far, the principal economic activity. In 1960 the population
of the upper Malad River basin was about 3,600, of which about 60 percent
resided in Malad City, the county seat of Oneida County.

The climate is semiarid throughout the Malad Valley and its principal trihutary
valleys; above 6,500 feet the climate is subhumid. Annual precipitation ranges
from about 13 ‘inches in the lower Malad Valley to more than 30 inches on the
Highes-t peaks of the Bannock and Malad ranges. Owing to the normally clear
atmospheric conditions, large daily and seasonal temperature fluctuations are
common. Topography, distance from the Pacific Ocean, and the general atmos-
pheric circulation are the principal factors governing the climate of the Malad
River basin. The westerlies transport moisture from the Pacific Ocean toward
southeastern Idaho. The north-south trending mountains flanking the basin are
oriented orthogonally to the moisture flux so that they are very effective in
removing precipitable water from the air. A minimum uplift of 6,000 feet is
required to transport moisture from the Pacific source region; accordingly, most
air masses are desiccated long before they reach the Malad basin. Heaviest pre-
cipitation is generally associated with steep pressure gradients in th~s mid-
troposphere that are so oriented as to cause a deep landward penetration of
moisture from the Pacific Ocean.

Annual water yields in the project area range from about 0.8 inch in the lower
Malad Valley to more than 19 inches on the high peaks north and east of Malad
City. The mean annual water yield for the entire basin is 4 inches, or about
115,000 acre-feet. Evaporation is greatest in July when about 7 inches is lost
from lakes, reservoirs, and waterlogged areas; losses from free-water surfaces
may be as much as 38 inches annually.

An extensive ground-water reservoir consiting of sand and gravel interYedded
with relatively impermeable beds of silt and clay underlies much of the Malad
Valley. Wells near the center of the valley exceeding 700 feet in depth do not
reach bedrock. The Woodruff fault, which transects the constricted lower Malad
Valley, is one of the main factors creating artesian conditions south of the latitude
of Malad City. Recharge is obtained principally from mountain runoff which flows
onto highly permeable alluvial fans surrounding the valley and from s‘reams

1



2 HYDROLOGY, UPPER MALAD RIVER BASIN, IDAHO

that flow across the valley floor. On the basis of a water-balance gnalysis, under
flow from the project area was estimated to be 28,000 acre-feet annually, surface-

water outflow was 51,000 acre-feet, and transbasin imports were about 4,000
acrefeet.

The principal tributaries of the Malad River are perennial along their upper
and middle reaches and have well-sustained low flows, During the growing season,
all surface water entering the Malad Valley is used for irrigatior. Some irriga-
tion is practiced in the principal tributary wvalleys; however, a shortage of
suitable reservoir sites has hampered surface-water development in these areas.
The highly porous deposits underlying the Malad Valley tend to attenuate flood
peaks. An unusual combination of meteorologic events early in 1962 effectively
counteracted the high absorptive capacity of the valley and predisposed the
basin to high flood risk. Subsequent rapid snowmelt combinedi with frozen
ground produced the extraordinary flood of February 12, 1962.

Calcium and bicarbonate commonly are the most abundant ions in the surface
waters of the upper Malad River basin. In August 1967, the dissolved-solids
content of streamflow ranged from 200 to 350 milligrams per liter in the middle
and upper parts of the basin; however, much greater values were measured in
the Malad River between Woodruff and Cherry Creek Lane. Witl the exception

of that reach, the surface water of the project area is suitable for irrigating all
but the most sensitive crops.

The total water yield is not sufficient to meet all the water needs of the basin.

A comprehensive water-management plan is required to ensure optimal use
of the water resource.

INTRODUCTION
PURPOSE

The upper Malad River basin is an agricultural region whose econ-
omy depends largely on irrigation. Although annual pre-ipitation on
the valley floor is marginal even in wet years, moderate precipitation
on the surrounding highlands yields sufficient runoff to supply much
of the basin’s water needs. Overland runoff from the hard-rock
uplands spills onto the permeable valley floor where part, of it filters
into the ground. Some of the water that seeps into the ground perco-
lates through the zone of aeration and eventually merges with the
ground-water reservoir. Irrigation for the production of high-value
cash crops is provided by diverting streams into ditches and by pump-
ing from the extensive ground-water reservoir underlying the Malad
Valley.

Despite the generally favorable situation, the basin is not without
its problems with regard to water. Heavy pumping of artesian aquifers
underlying the southern part of the valley has lowered pressures to
such an extent that many wells which once flowed freely no longer
do so, and the discharge of flowing wells has diminished. The density
of water-loving plants has increased in much of the lower part of the
valley owing to irrigation from numerous flowing wells. Large tracts
south of Malad City are unsuitable for agriculture beccuse of heavy
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concentrations of salt and alkali in the soils especially in areas of
ground-water discharge.

The purpose of this report is to evaluate the hydrologic factors that
directly or indirectly affect the water balance of the upper Malad River
basin. Specifically, an attempt is made to assess the water yield of the
basin. Surface-water supplies are evaluated, and methods of increasing
the beneficial use of water in the basin are suggested.

LOCATION AND EXTENT OF AREA

The study area comprises the 485-square-mile drainage area of the
Malad River above Woodruff, Idaho. It includes most of eastern
Oneida County and parts of Franklin, Bannock, and Power Counties
of southeastern Idaho (fig. 1). Malad City, the principal town in the
basin, is about 50 miles south of Pocatello, Idaho, and about 100 miles
north of Salt Lake City, Utah.

The Malad Valley is bounded on the east by the Bannock and the
Malad Ranges and on the west and southwest by the Blue Spring Hills
(fig. 3). On the north the valley is divided into two principal drainage
systems which are separated by a spur of the Bannock Range. South
of the spur much of the valley is underlain by an artesian aquifer.
The principal axis of the basin trends northward and is about 37
miles in length; the basin is about 24 miles across at its widest point.

PREVIOUS INVESTIGATIONS

One of the earliest accounts of the geology and landforms of the
upper Malad River basin was made by Bradley (1873). Peale (1879)
described the limestone formations which crop out in the Blue Spring
Hills. Several of the principal stratigraphic units of the basin were
defined by Piper (1924). The Woodruff fault, which trends eastward
across the constricted south end of the Malad Valley, was described
in a report by Mower and Nace (1957). That report contains a dezcrip-
tion of the geology of the basin in relation to the ground-water
reservoir.

Thompson and Faris (1932) measured the discharge from artesian
wells south of Malad City in 1931. They made a preliminary evalua-
tion of the water resources of the basin and recommended that surface
supplies be used in the spring and early summer and that ground
water be reserved for use during periods of low flow. This suggestion
was made to conserve water by improving the efficiency of water use
in the basin. Livingston and McDonald (1943) estimated the total
flow from artesian wells to be 6,000 gpm (gallons per minute) in the
Malad Valley during July 1943. They measured considerable subsur-

367-852 0—T70——2



4 HYDROLOGY, UPPER MALAD RIVER BASIN, IDAHO

face migration of water through uncapped or leaky artesian wells.

Mower and Nace (1957) estimated evapotranspiration losses from
the middle and lower parts of the Malad Valley to be about 37,000
acre-feet a year. Water-level measurements for some observation
wells, records of daily discharge for gaging stations, and discharge
measurements made at partial-record sites are published in annual

water-supply papers and open-file reports of the U.S. Geological
Survey.
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INTRODUCTION

WELL-NUMBERING SYSTEM

Water wells are designated in this report by numbers which indicate
their locations within legal rectangular subdivisions of the public
lands, with reference to the Boise base line and meridian. The first two
elements of a number designate the township and range. The third
element is the section number, followed by two lower-case letters and
a numeral. The first of the two letters indicates the quarter section and
the second the tract. Quarter sections are lettered a, b, ¢, and d in
counterclockwise order, from the northeast quarter of each section.
Within the quarter sections 40-acre tracts are lettered in the same
manner. For example, well 14S-35E-18db1 is the first well visited
in the NW14SE1 sec. 13, T. 14 S., R. 35 E. The method of number-
ing isillustrated in figure 2.

BASE LINE
R 1E. 34 35 36 R37E
T
1
S
zZ
<
(=)
o 13
wl
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7] f 14
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/ s
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16
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FIGURE 2.—Well-numbering system.
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GEOGRAPHY

POPULATION

The Malad Valley was first settled in 1855, but the settlement dis-
banded in 1858 owing to the destruction of crops by locusts. The first
permanent settlement of the Malad Valley was established in 1864 at
the site of what is now Malad City (Howell, 1960). In 1866 the Oneida
County seat was moved from Soda Springs to Malad City which
helped spur the growth of the town. By 1870, Malad City had a pop-
ulation of 571, and it continued to grow steadily for another 50 years.
Owing to a good perennial supply of water, wild game, fertile lands,
and an adequate supply of timber nearby, the valley was largely settled
by the turn of the century. A railroad, built in 1906, stimulated popu-
lation growth by connecting the expanding agricultural economy of
the Malad Valley with the large population centers of Ogden and Salt
Lake City, Utah. The population of the basin continued to increase
until shortly after World War I.

After the boom years of World War I, the population of the study
basin followed the downward trend of many other farm-based econ-
omies in the Nation. The population of Oneida County, for example,
has declined steadily since 1920. By 1960, the countywide population
was only 54 percent of the 1920 population as shown in tl'» following
table:

Population of Malad City and Oneida County, Idaho

1960 1950 1940 1930 1920 1910 1900

Malad City .- oo ool 2,274 2,715 2,731 2,535 3,000 1,904 1,360
Oneida County. ... . ... 3,603 4,387 5417 5870 6,723 . ... __

Malad City, on the other hand, showed substantial growth between
1900 and 1920. After a decline in population during the 1920’s some
recovery occurred during the 1930’s; however, since 1950 its popula-
tion has declined again, Much of the increase in the population of
Malad City during 1900-50 probably resulted from a tendency on the
part of farmers to move into town as improved roads and automobiles
reduced travel time between town and farm. The countywide decline
in population can be ascribed to an exodus of people to large urban
centers and a growing tendency toward larger farms. Improved mech-
anization has greatly increased the acreage which a farmer can success-
fully cultivate. Efficient farms grow at the expense of less efficient
enterprises; thus, the basin has fewer farms today than at any time
since 1900.
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TOPOGRAPHY AND DRAINAGE

The upper Malad River basin is in the Basin and Range physio-
graphic province (Fenneman, 1931). Extreme relief is about 5,000
feet. The average altitude of the Malad Valley floor is about 4,400
feet, and it ranges from about 4,350 feet at Woodruff to 4,807 feet
where the valley abuts the surrounding highlands. The Malad "7alley
has low relief and is about 7 miles wide and 11 miles long. About 3
miles above Woodruff the valley abruptly narrows to a width cf 2 to
3 miles, and this constricted cross section is maintained southward
into Utah. Highest altitudes are 9,285 feet at Oxford Peak and 9,001
feet at Mount Elkhorn. Both peaks are part of the Bannock Range
which forms the northern and, with the Malad Range, the eastern
boundaries of the study basin (figure 3). In the Blue Spring Hills
to the west, the highest peaks are less than 8,000 feet. The mean alti-
tude of the basin is 5,600 feet (fig 4), and only 6 percent of the crea is
above 7,000 feet in altitude.

The mountain ranges are oriented north-south, and their crests form
the boundaries of the basin everywhere except across the constricted
lower Malad Valley. In general, the uplands are well dissected by
numerous ephemeral channels which have eroded sharp V-shaped val-
leys. Both the mountains and their surrounding foothills are being
degraded by a combination of sheet wash, gullying, and cl annel
erosion.

The products of the upland erosion have formed alluvial fans
at the base of the foothills. Upon flowing onto the alluvial fans the
competence of streams to move sediment is quickly reduced. This
is due principally to lower gradients and the rapid infiltration of
streamflow into the pervious bed material. As a result of the combi-
nation of discharge loss and sediment deposition, most ephemeral
channels lose their identity a short distance beyond the foothills.
The slopes of the alluvial fans gradually decrease until they merge
with the valley floor.

In general, the principal tributary basins, the Little Malad River
and Devil and Deep Creeks, are well dissected and characterized by
moderate gradients and narrow flood plains. These streams are pe-
rennial north of the Malad Valley and are sustained by springs and
transbasin diversions. The flow in all streams that move acrcss the
Malad Valley is generally sluggish owing to the predominantly
gentle gradients. The Malad River, whose source is a spring on the
valley floor north of Pleasantview, flows entirely within the western
part of the Malad Valley; consequently its gradient is low and its
course is meandering. Bank erosion may be severe during high-flow
periods in all stream channels traversing the Malad Valley. Highly
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EXPLANATION
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erodible fine-grained material along the banks of the Little Malad
River and Deep and Wright Creeks results in locally severe channel
trenching and bank cutting of as much as 15 feet below the adjacent
plains. After leaving the study area, the Malad River flows south-
ward into Utah where it joins the Bear River which empties into
the Great Salt Lake.

AGRICULTURE AND IRRIGATION

According to the 1959 census by the U.S. Department of Agricul-
ture, of the total harvested acreage of 120,000 acres in the upper
Malad River basin, nearly 22,000 acres is irrigated. The three largest
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cash crops are winter wheat (1,280,000 bushels), barley (872,000
bushels), and spring wheat (186,000 bushels); potatoes and sugar
beets are the principal irrigated row crops. In addition, extensive
tracts are devoted to the production of hay and forage crops, partic-
ularly in the Malad Valley. A substaatial part of total farm income
is obtained from the sale of cattle and sheep.

Agricultural development in the Malad Valley was bogun in the
mid-1860’s. Within a short time nearly the entire flow of streams in
the valley was being diverted for irrigation during the growing
season, Desirable lands adjacent to the streains were quickly brought
under irrigation and further expansion of irrigated ccreage was
slow. Following the appropriation of most surface-water supplies,
dry-land farming of wheat and barley was attempted successfully
on the foothills surrounding the Malad Valley and in its principal
tributary valleys. About 1900 the large potential yield of the artesian
basin in the southern part of the valley was recognizedl. Flowing
wells were drilled in a wide area south of Malad City and much
new land was brought under irrigation. Development of nonartesian
water with pumped wells was begun about 1930, and substantial areas
of land north and west of Malad City are irrigated with water from
pumped wells. To augment surface-water supplies, a large part of
the headwater flow of Birch Creek in the Snake River basin was
diverted into Devil Creek. This imported water is the principal
supply for much of the irvigated land in Devil Creek valley and the
part of the Malad Valley lying north of Malad City. Small storage
reservoirs have been constructed on Deep Creek, Davis Creek, and
the Little Malad River. Currently (1967) a new reservoir is being
constructed on the Little Malad River near Daniels, about 814 miles
above Elkhorn Dam.

Surface-water users in the Malad Valley recognized early the need
for careful management of the comparatively small quantity of water
that is available to them. They are, moreover, aware that much im-
provement in surface-water managenent is possible by employing more
efficient engineering and land-use practices. In contrast to the coopera-
tive efforts with regard to surface water, development and use of
ground water has been uncoordinated and without much ragard to the
overall water economy of the valley. Waste of ground water, especially
from flowing wells, commonly occurs with little action taken by well
owners to limit waste. Widespread declines of piezometric levels in the
artesian aquifers may, in part, be traced to the haphazard and inef-
ficient use of the valley’s ground-water resources. Owing to excessive
application and waste of water on some tracts of land, other tracts of
arable land remain unirrigated because water is not available. Clearly,
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optimum use of the water resources of the basin cannot be attained
until both surface-water and ground-water supplies are efficiently

utilized.
VEGETATION

Water-loving vegetation of generally low economic value is domi-
nant in low-lying parts of the Malad Valley. Phreatic vegetation also
grows along the banks of many streams, where it serves to maintain
channel stability. According to Mower and Nace (1957), the pre-
vailing type of phreatophyte is mainly a function of the depth to water.
In general alfalfa (an important cash crop) and rabbitbrush grow
where the depth to water ranges from 10 to 35 feet; desert saltgrass,
greasewood, and pickleweed grow where the depth to water is & to 10
feet; sedge, wire rush, marsh reedgrass, and desert saltgrass grow
where the depth to water is 1 to 5 feet; rushes, cattails, and sedges
grow where depth to water is only a few inches, or where water is
ponded during most of the growing season. In all, water-loving vegeta-
tion occupies nearly 13,000 acres of bottom land, principally south of
Malad City.

In uncultivated valley areas where the depth to water is beyond the
reach of water-loving vegetation, sagebrush and native grasses cre the
most abundant plants, Sagebrush is the dominant plant form on the
foothills between altitudes of 5,600 and 6,000 feet where it is usually
associated with juniper. Juniper, scrub oak, and scrub maple are prev-
alent from 6,000 to 7,000 feet. Above 7,000 feet, dense stands of pine,
fir, spruce, and aspen grow wherever the environment is favoreble.

CLIMATE
PRIMARY CONTROLS

The climatic regimen of the upper Malad River basin is governed
by the same physical elements that control daily weather throughout
the temperate zone. Differential heating between landmasses and the
oceans results in the establishment of the semipermanent atmospheric
centers of high and low pressure. In winter, the extensive land areas
of the northern hemisphere lose heat to the atmosphere at a faster rate
than the adjacent oceans. The consequent buildup of cold air over the
continent creates reservoirs of heavy dense air at the surfac2. The
relatively warmer and therefore lighter air over the oceans tends to
rise, generating centers of low pressure. This process reverses itself in
summer when landmasses are warmer than ocean areas at the same
latitude.

The principal centers of weather action affecting the climate of the
Malad basin in winter are the Aleutian low and the Great Basin high;

367-852 0—70——3
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in summer the eastern Pacific high is dominant. Each of these pressure
cells is characterized by seasonal changes in intensity ; in addition, the
Aleutian low and the eastern Pacific high migrate considerably. Sea-
sonal variations in the characteristics of large quasi-permanent pres-
sure systems stem from the changing pattern of land and sea tempera-
tures previously outlined. The Aleutian low and the Great Basin high
are most intense in winter, whereas the eastern Pacific high is weakest
at that time. With the approach of summer the Great Basin high
dissipates and the Aleutian low weakens considerably. The eastern
Pacific high, on the other hand, attains its peak intensity in summer
and dominates the weather of a large part of the West, including south-
eastern Idaho.

Seasonal variation of air pressure at the surface and global atmos-
pheric movement strongly influence the climate of the Malad River
basin. Weather systems are transported from west to east by the pre-
vailing westerlies which are the principal element of the general cir-
culation pattern affecting the climate of southeastern Idaho. Although
mostly well above the friction zone near the earth’s surface, the west-
erlies vary widely in direction and intensity from day to day. Much
of this variation is due to planetary or long waves in the up ner wester-
lies that are now generally recognized as the primary factor controlling
weather in the middle latitudes. It has also been shown that wave
trains in the upper air circulation are closely related to the semiper-
manent pressure centers at sea level (Klein, 1956, p. 203-219). There-
fore, the orientation of the planetary waves with respect to the Malad
Valley plus large-scale centers of weather action at the surface consti-
tute the principal atmospheric controls on weather and climate in the
study basin.

The Pacific Ocean is the primary source of moisture for much of the
West owing to the prevailing west-to-east atmospheric circulation. Ac-
cordingly, the topographic barriers between the upper Malad River
basin and the Pacific Ocean have a profound effect on the amount of
moisture reaching the basin. Because the numerous north-south moun-
tain ranges are oriented orthogonally to the moisture flow from the
Pacific Ocean, they may be labeled as “moisture barriers.” The amount
of uplift to which a given quantity of air is subjected depends on the
specific route it is forced to take over the mountains. Howaver, it has
been shown that Pacific airmasses are uplifted at least 6,000 feet by
the time they arrive over the Malad River basin (U.S. Department of
Commerce, 1953, p. 11). Because most of the moisture in the atmos-
phere is concentrated within 6,000 feet of the surface, much of the
precipitable water of any maritime airmass will be removed long
before it reaches the Malad River basin.
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TEMPERATURE
SEASONAL VARIATIONS

Temperatures in the upper Malad River basin have strong conti-
nental characteristics as demonstrated by the graph depicting the
variation of average monthly temperature and precipitation for Malad
City (fig. 5). The range of mean monthly temperatures at Malad City
is almost 50°F.; extreme temperatures range from —25° to 108°F.
Temperatures as low as —33°F have been recorded at the Malad City
Airport. January is the coldest month and July the warmost. Decem-
ber is normally colder than February, which is characteristic of a
continental-type climate.

The principal factors affecting the temperature regimen of the
project area are (1) the rugged north-south-trending mountain ranges
flanking the basin and (2) the geographic location of the area with
respect to the Pacific Ocean and the Canadian subarctic reeion. Tem-
peratures in the Malad River basin would be more nearly maritime—
that is, warmer in winter and cooler in summer—were it not for the
mountain ranges between the basin and the Pacific Ocean. Some pro-
tection from severe winter weather is afforded by mountainous areas
east of the basin which frequently deflect Arctic airmasses away from
the area. The mountains thus tend to isolate meteorolovically not
only the Malad River basin but the entire Great Basin as well from
the hemispheric circulation. The resulting atmospheric stagnation
causes a buildup or increase in air pressure over the area. High pres-
sure, in turn, desiccates the atmosphere and produces an abundance of
fair weather. Owing to the normally small amount of cloud cover,
solar-radiation absorption at ground level is high during th= day as is
the loss of heat due to terrestrial cooling at night. The net effect of
the prevailing fair weather on temperatures in the basin is to cause
relatively large fluctuations in daily and seasonal temperatures. For
example, during the latter part of July at Malad City, maximum
daily temperatures of 90°F or higher can be expected mcre than 50
percent of the time (fig. 6). On the other hand, owing to large radia-
tional losses, cool nighttime summer temperatures prevail as demon-
strated by the fact that minimum temperatures are lower than 60°F
more than 85 percent of the time. Frost may be expected to occur as
late as June and as early as September. The average length of the
growing season is 130 days.
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VERTICAL TEMPERATURE GRADIENT

Evapotranspiration, one of the principal elements in any water-
budget analysis, is highly temperature dependent. For evaluation of
this important variable, some knowledge regarding the rate of change
of temperature with altitude (lapse rate) is often helpful. An accurate
assessment of the regional lapse rate was needed to estimate mean
annual temperature, which was then used to compute weter loss by
evapotranspiration throughout the basin. Owing to the scanty
meteorologic data in the upper Malad River basin, it was necessary
to use climatic data for all of southeastern Idaho in the lapse-rate
analysis,

The lapse rate over southeastern Idaho varies seasonally; it is
greater in summer than in winter. In summer, a high rate of absorbed
radiation at the surface during the day causes substantial varming of
the air immediately above the ground. The effect of this hest exchange
on ambient temperature decreases progressively with incerrasing alti-
tude so that air temperatures near the surface are higher relative to
those in the midtroposphere and upper troposphere. In winter, on the
other hand, large outgoing radiational losses at the surface produce
sharp temperature inversions at night. Accordingly, nighttime tem-
peratures in the valley may be much lower than those observed in the
mountains. The overall effect is to reduce the average lapse rate in
winter to about 1°F per 1,000 feet from the maximum seasonal rate
in summer of about 3.5°F per 1,000 feet.

The mean annual lapse rate in the basin is about 2.5°F per 1,000
feet, as shown in figure 7, which is based on long-term records of U.S.
Weather Bureau stations. The lapse rate obtained from figure 7 is

just 0.2°F lower than that of the standard atmosphere (Landsberg,
1958, p. 161).
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HYDROMETEOROLOGY

With the exception of a relatively small amount of surface water
imported from the Birch Creek basin, virtually all the vrater in the
study area is obtained from precipitation. Clearly, any assessment of
the water potential of the basin must be predicated on a thorough
analysis of all aspects of precipitation. To accomplish this task, one
should analyze the causes of rainfall if an insight is to be gained into
the nature of this critical component of the hydrologic environment.

CIRCULATION PATTERNS FAVORING ABOVE-NOFMAL
PRECIPITATION

The amount of moisture available for precipitation over the Malad
Valley is dependent on the strength of the westerlies over the area.
The strength of the westerlies, in turn, 1s a function of the pressure
gradient within the troposphere. Any orientation of pressure patterns
that causes a strong movement of air from the Pacific O-ean (espe-
cially the southeastern Pacific) toward Idaho is likely to produce
heavy precipitation.

The upper air regime commonly associated with heavy precipitation
in Idaho is characterized by a trough of low pressure off the California
coast with a stronger-than-normal ridge oriented north-south over
the Rocky Mountains. The southwesterly movement of air associated
with such a system can move vast quantities of moisture-laden air
from the southeast Pacific Ocean area inland toward southeastern
Idaho. For example, in January 1956 a deep trough of low pressure
off the west coast of North America (fig. 8) produced a stesp pressure
gradient in the eastern Pacific Ocean; concomitantly, a ridge of high
pressure developed along the Rocky Mountains. This pressure field
induced a stronger-than-normal flow of air to move over the project
area from the Pacific Ocean. Moreover, the trajectory of this air was
from the west-southwest so that much of its path was over warm
ocean surfaces. The high moisture content of the maritime air, in
combination with the strong flow pattern, resulted in above-normal
precipitation in much of the West. Mean monthly precipitation in
areas adjacent to the upper Malad River basin was above normal,
ranging from 128 to 260 percent of normal, ag shown in the upper
right-hand part of figure 8. Wave patterns in the upper westerlies
are most sinuous in the late fall and winter; in summer they are less
pronounced. The overall effect of the weakened wave pattern in sum-
mer 1s to reduce the ability of moisture-laden airmasses tc penetrate
very far inland, thereby fostering aridity in much of the West.

Despite weakening of the atmospheric circulation over sontheastern
Idaho in summer, the influx of moisture from the southeastern Pacific
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Ocean and, to a lesser extent, from the Gulf of Mexico may o~casionally
result in heavy rainfall. During the warm season a weak upper air
trough in the midtroposphere normally separates the eastern Pacific
high from a quasi-stationary high over the South-Central United
States. Frontal activity is rarely associated with the trough, and its
intensity is so slight that little movement of air is generated by the
weak pressure field. Accordingly, high pressure predominates, causing
fair weather throughout much of the West. However, if the trough
deepens and moves eastward toward the west coast of the United
States, a flow of moist air may spread as far as southeast Idaho, and
sporadic thunderstorm and shower activity is likely to be generated in
the study area.

The mean pressure field for August 1951 shown in the lower part of
figure 8 portrays a pattern that is conducive to heavy summer rainfall
in southeastern Idaho. The deeper-than-normal trough extending
from Washington southwestward to the Pacific Ocean caused a sub-
stantial flow of moist air to move inland. The anomalous emounts of
atmospheric moisture over southeastern Idaho produced rainfall which
ranged from 107 to 426 percent of normal for the month, as shown
in the lower right-hand part of figure 8.

PERSISTENCE OF CIRCULATION PATTERNS

It is well known that drought or wet periods tend to persist,
frequently for months or even years. For example, droughts of varying
intensity have occurred in the upper Malad River basin, notably during
the 1930’s, as illustrated in figure 9. The severity of these droughts is
demonstrated by the 5-year moving averages which trend downward
during the early years of each drought period. The 5-ye~r moving
average of precipitation at Malad City reached a record lcw in 1958,
and the drought of the 1950’s appears to be the worst of racord. The
recent drought, which began in 1951, continued into the 1960’s and was
not effectively terminated until the spring of 1963, when moderate to
heavy precipitation fell throughout southeastern Idaho. From the
long-term precipitation record at Pocatello, it is apparent that south-
eastern Idaho experienced a severe drought in the early 1900’s.
Although the severity of this drought cannot be evaluated, it appears
to have been comparable to that of the 1930’s.

Owing to extensive irrigation in the upper Malad River basin,
even a severe deficiency of precipitation lasting only a vear or so
would not severely affect agricultural production. Brown (1959, p. 99)
concluded that if adequate soil moisture is available in September,
October, May and June in nonirrigated areas where wheat is raised,
the chance is excellent for an above-average crop yield. Therefore,
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during a severe drought, it may be possible to have at least an average
crop yield even in dry-farm areas provided that rainfall is well timed.
During a protracted dry spell, however, the surface-water supplies
may become seriously reduced after carryover water from earlier wet
periods is depleted. Moreover, increased pumping of ground-water
reserves to counter the effect of drought on crops, in combination with
sharply lowered recharge, may cause substantial declines in water
levels.
COLD-SEASON DROUGHT

One of the most common meteorological situations for drought in
winter is a strong Great Basin high at the surface with an associated
ridge aloft. The ridge tends to maintain the surface high which, in
turn, blocks the passage of migratory low-pressure systens. More-
over, the large-scale sinking of air connected with such a system des-
iccates the air by lowering the relative humidity. A stronger-than-
normal eastern Pacific high also causes drought. The clock~ise move-
ment of air around such a high results in northerly components of
air movement over the area. For example, an unusually intense high-
pressure system off the California coast in February 1953 (fig. 10)
induced a northwesterly flow of air over southeastern Idaho. Owing
to the relatively short over-water trajectory of this air, it contained
little moisture. Accordingly, precipitation in the area adjacent to
the Malad River basin was deficient during the month, as shown in
the upper right-hand part of figure 10. Extremes ranged from 18 to
133 percent of normal, and Malad City reported less than half the
expected average amount. A somewhat less common situation occurs
when a meridional flow pattern is established by a strong ridge ex-
tending from the southeastern part of the Pacific Ocean northward
into the Gulf of Alaska. A pattern such as this generates a strong
northerly flow over much of Idaho, thereby cutting off any possible

sources of moisture.
WARM-SEASON DROUGHT

Intensification and the zonal expansion of either the eastern Pacific
high or the upper-level high over the South-Central United States
results in large-scale subsidence causing drier weather then is usual
for the study area. Strong pressure ridges in the midtroposphere,
either over the Rockies or off the Pacific coast, are also conducive to
a dry-weather pattern. These ridges can effectively block any penetra-
tion of moisture from the Pacific Ocean or the Gulf of Mexico.

The 700-millibar-pressure distribution in June 1951 (fig. 10) illus-
trates a combination of upper air factors that are conducive to drought
in the Malad River basin. A somewhat stronger-than-normral high in
the eastern Pacific with a strong ridge extending into the Gulf of
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Alaska effectively shielded much of Idaho from landward movement
of moist Pacific airmasses. Moreover, the subsidence resulting from the
high-pressure cell produced cloudless skies for extended periods dur-
ing the month. Despite above-normal sunshine, temperatures were
below expected seasonal levels owing to the influx of cool air from the
Gulf of Alaska.

PRECIPITATION INTENSITY AND DISTRIBUTICN

Annual precipitation in Malad City may range from 50 to 150
percent of the long-term average of 15 inches (fig. 11). Although this
is a fairly large variation, it is by no means unusual for 